Background: The aim of this study was to determine the prevalence and nature of selfperceived seizure precipitants in epilepsy patients, and evaluate whether anxiety level, depression, or health locus of control influence self-perception of seizure precipitants. Methods: Adults aged 18 and older who had epilepsy for at least 1 year were recruited in either the inpatient epilepsy monitoring unit or the outpatient epilepsy clinic at Thomas Jefferson University in 2006. Patients anonymously filled out a questionnaire, which included data about age, sex, education, seizure control, and three questionnaires including identification of seizure precipitants, Hospital anxiety and depression (HAD) scale, and Form C of the multidimensional health locus of control (MHLC). Discriminant function analysis was used for statistical analysis. Results: Two hundred patients participated, with a mean age of 40.3 AE 16 years. One hundred thirty (65%) patients reported one or more seizure precipitants. Stress (49.5%), lack of sleep (35.5%), and fatigue (32.5%) were the most common seizure triggers reported. Seizure control, anxiety level, and powerful others subscale in HLC scores were significantly related to self-perception of seizure precipitants. Subjective seizure triggers (stress, lack of sleep) were related to psychological factors. Conclusions: The perception that certain triggers precipitate seizures is related to anxiety, health locus of control, and seizure control. Hence, seizures might be misattributed to irrelevant precipitants because of an underlying psychological predisposition. Alternatively, there may be a physiological relationship between seizures and the triggers. Prospective studies are required to clarify the relationship between seizure precipitants and seizure occurrence.
Introduction
Epilepsy is defined as a condition of recurrent spontaneous seizures due to a primary disturbance of brain function. Seizures often occur spontaneously without apparent inciting cause in most individuals, but many patients believe that their seizures are precipitated by external or internal stimuli. Some of these precipitating factors have already been well defined, such as sleep deprivation, excess alcohol intake, premature awakening, menstruation, psychological stress, prolonged fasting, physical exhaustion, and photic stimulation. Other precipitants such as reading, thinking, writing, calculating, and playing musical instruments are also identified. [1] [2] [3] Knowing which factors might precipitate seizures could help gain a better understanding of how some seizures might be avoided in certain individuals.
On the other hand, it is possible that many things that patients identify as seizure precipitants do not really provoke seizures. Anxiety and depression are common in patients with epilepsy, with anxiety disorders prevalent in about 15-25% and depression in 20-30% of patients with recurrent seizures. 4, 5 These symptoms may affect selfperception of seizure precipitants and lead to inaccurate reporting of seizure triggers. Another feature that may be related to self-perception of seizure precipitants is a person's beliefs regarding where control over his or her illness lies. This belief is referred to as ''health locus of control.'' A person's health locus of control orientation is one of the several factors that determines which health-related behaviors a person will perform. These health-related behaviors, in turn, partially determine a person's health status. 6 Hence, if the above-mentioned psychological factors influence patient reporting of seizure precipitants, then present beliefs about seizure triggers and the need for adjustment in behavior might be incorrect and unnecessary.
The primary aim of this study was to determine whether a patient's belief that his seizures are precipitated by external or internal factors are related to anxiety, depression, health locus of control, seizure control, educational level, and gender. The second objective was to characterize and assess the frequency of different types of precipitants.
Methods and materials
This study was conducted with approval by the Thomas Jefferson University Institutional Review Board. It was a cross-sectional questionnaire study.
Adults with a clinical diagnosis of epilepsy were recruited in either the inpatient epilepsy monitoring unit or the outpatient epilepsy clinic at Thomas Jefferson University from September through December 2006. Patients aged 18 and above with a diagnosis of epilepsy for at least 1 year were eligible for this study. The diagnosis of epilepsy was made on clinical grounds and all patients had to be taking anti-epileptic medication and under the care of an epileptologist at our institution.
The questionnaires were filled out anonymously and included details about gender, age, educational level (high school, some college, or college graduate or higher), age of seizure onset, degree of seizure control (presence or absence of seizures in the past 6 months), and questions about both external and internal potential seizure precipitants, including stress, lack of sleep, menstruation, fever, acute illnesses, food, and others that they perceive. Complete seizure control was defined as no seizure of any type in the last 6 months prior to interview. These questions were based on some previous studies, 7, 8 in addition to some novel questions. No information was given to the interviewees about any seizure precipitants in patients with epilepsy by the researchers.
The hospital anxiety and depression scale (HAD scale) was used to evaluate the anxiety level and depression. HAD scale is designed to assess symptoms of anxiety and depression in patients with somatic diseases 9 ; thus severe psychopathological symptoms and somatic symptoms of anxiety and depression are not included in the questionnaire. The HAD scale consists of 14 items, measuring anxiety and depression on 2 separate subscales, each consisting of 7 items. There are 4 response categories, from 0 to 3 for each item with a maximum total for each subscale of 21. In a number of studies, the HAD scale has been shown to be reliable and valid in assessing anxiety and depression. [10] [11] [12] Form C of the multidimensional health locus of control (C-MHLC) scale is an 18-item, general purpose, condition-specific locus of control scale that could easily be adapted for use with any medical or health-related condition. There are three subscales of the MHLC: (1) internal health locus of control (IHLC), which is the belief that one's own behaviors affect one's health status; (2) powerful others health locus of control (PHLC), which is the belief that powerful other people, such as doctors, nurses, family and friends have control over one's health status; and (3) chance health locus of control (CHLC), which is the belief that one's health condition is a matter of fate, luck or chance. Each subscale is comprised of 6 items, totaling 18 items on the questionnaire. Patients are asked to rate, on a six-point Likert scale, the degree to which they agree or disagree with each statement. Scores on each subscale can range from 6 to 36, with higher scores indicating a stronger belief in that type of control. 6 Demographic variables and relevant clinical variables were summarized descriptively to characterize the study population. Statistical analyses were performed using discriminant function analysis to determine potentially significant associations, and a p value less than 0.05 was considered significant. Presence or absence of a seizure precipitant was the dependent variable, and gender, education, seizure control, anxiety score, depression score, and the powerful others, internal, and chance subscales of the health locus of control measure were the independent variables. Discriminant function analysis is a statistical technique for determining the linear combination of quantitative predictors that best characterizes the differences among groups; in this study, the two groups were: (1) patients who believe that either external or internal factors precipitate seizures, and (2) patients who did not believe that such factors precipitate seizures. In situations where the majority of predictors have a multivariate normal distribution and where the dependent (grouping) variable may not truly be categorical even though it is used as a categorical variable in the analysis (n.b., precipitants such as stressors may actually be valued on continuum), discriminant function analysis is generally preferred over logistic regression. Subsidiary analyses were performed evaluating factors influencing perception of stress, intercurrent illness, and sleep deprivation as seizure triggers.
Results
Two hundred patients were interviewed. Demographic variables and relevant clinical variables are summarized in Table 1 .
One hundred thirty (65%) of 200 patients reported one or more seizure precipitants in this study (Fig. 1) . Mean number of triggers reported was 2.1 AE 2 per patient. Twenty patients reported just one seizure precipitating factor and 120 patients reported two or more precipitating factors (range: 1-9 factors). Stress, lack of sleep, and fatigue were the most common seizure triggers reported. Twenty six percent of women reported menstrual cycles as their seizure precipitant.
Discriminant function showed a significant relationship between perception of seizure precipitants and the independent variables. The model was significant (x 2 = 35.1; Wilk's l = 0.825; d.f. = 8; p = 0.001). Standardized canonical discriminant function coefficients are shown in Table 2 . Seizure control, anxiety level, and powerful others subscale in health locus of control scores were significantly related to self-perception of seizure precipitants, but gender, education level, depression, and the internal and chance subscales in the health locus of control scale were not related to perception a Some data (less than 5.5%) were missing in each part of the questionnaire due to lack of completion of some fields, so the total number of subjects does not add up to 200 patients for each category. In a subsidiary analysis, a somewhat subjectively reported symptom, sleep deprivation, had a significant relationship with similar independent factors (anxiety, seizure control, and Powerful others subscale of HLC) (x 2 = 17.8; Wilk's l = 0.907; d.f. = 8; p = 0.023). Another subjective factor, stress, also had a significant relation with similar independent factors (x 2 = 32.3; Wilk's l = 0.838; d.f. = 8; p = 0.0001). Standardized Canonical discriminant function coefficients are shown in Table 3 . In contrast, for a more objective factor, such as intercurrent illness (fever or acute illness) the model was not significant ( p = 0.196) and it did not have a significant relation with those independent variables.
Discussion
In this study, we investigated the prevalence and nature of self-perceived seizure precipitants in patients with epilepsy and its relation to some demographic and psychological factors in 200 patients. Nearly two-thirds of our patients reported at least one seizure precipitant, while 55% reported having two or more seizure precipitating factors. This finding is consistent with previous studies. In one study, 62% of patients (n = 400) reported at least one seizure precipitant. 2 In another large study, 53% of patients (n = 1677) reported at least one seizure precipitating factor, while 30% claimed to have experienced two or more such factors. 13 Seizure precipitating factors were reported to be much higher (about 90%) among patients with juvenile myoclonic epilepsy 1 and patients with poorly controlled epilepsy 3 in different studies. One explanation for some discrepancies in various studies about the frequency of seizure precipitants might be the presence of etiological and cultural heterogeneity among those studies. As is well recognized, the epilepsies are a group of heterogeneous disorders with different pathophysiological mechanisms. Therefore inter-individual variability in seizure precipitants is not unexpected. 13 Similarly, the seizure precipitating factors in the present report, stress, lack of sleep, fatigue, menstruation, flashing lights, and fever or acute illnesses are consistent with those noted in previous studies. 1, 13 The consistency and reproducibility of the above results indicate that many patients truly believe that some things precipitate their seizures. However, we observed that certain psychological factors are clearly related to this perception. Patients who report seizure triggers tend to have higher anxiety levels than those who do not report triggers. Higher levels of anxiety could be a primary inciting factor, perhaps via hormonal or biochemical alterations 14, 15 or other mechanisms. Alternatively, patients with higher levels of anxiety might be more apt to seek explanations for events that occur beyond their control, and report precipitants because of a psychological need. In addition, people Self-perception of seizure precipitants 305 with lower scores in powerful others health locus of control (PHLC), the belief that powerful other people, such as doctors, nurses, family and friends have control over one's health status, more often reported seizure precipitants. Hence, people with less belief that physicians and others have control over their health more often reported that triggers could bring about a seizure. The relation of anxiety and health locus of control to perception of seizure precipitants raises a question as to whether these factors truly trigger seizures. The observed high frequency of self-perception of seizure precipitants among epilepsy patients may not simply reflect the presence of a cause and effect relationship. The observation that anxiety and powerful others health locus of control (PHLC) were significantly related to self-perception of precipitants such as stress and lack of sleep but were not related to more objective factors such as acute illness or fever raises serious doubt as to whether these more subjective factors (stress, lack of sleep) truly trigger seizures. Perhaps, many patients who report seizure precipitants are mistaken, and their psychological make-up predisposes them to attribute irrelevant factors as seizure triggers.
The relationship of internal psychological factors and beliefs to seizure precipitants is further supported by a study 16 that employed a self control training program to abort seizures. Detailed observation identified warning signals of the beginning of a seizure and occurrence of seizure-provoking factors. Behavioral counter measures were then developed to interrupt the start of a seizure and to neutralize provoking factors, which led to significant improvement in seizure control in 16 patients with intractable epilepsy. The literature provides ample data to support the assertion that neurofeedback treatment of epilepsy/seizure disorders constitutes a viable supplement or alternative to antiepileptic drug therapy. 17 In our study, it was also observed that patients with uncontrolled epilepsy reported seizure precipitants more frequently than patients with controlled epilepsy. In a study on patients with poorly controlled epilepsy, 3 over 90% of the participants identified at least one seizure precipitant, which was significantly higher than another large study on general epilepsy patients with 53% of patients reporting seizure precipitants. 13 This observation could be due to a real increased susceptibility of patients with poorly controlled epilepsy to some seizure precipitants. Alternatively, it may be the result of the possibility that patients with poorly controlled epilepsy are more likely to suffer from psychiatric disturbances, and more vigilantly look for explanations for their seizures than patients with controlled epilepsy.
The mechanisms by which some factors precipitate seizures in epilepsy patients or modulate its occurrence are not fully understood. The contribution of psychological factors, health-related behaviors and possibly degree of seizure control provide a further indication of the complexity of the relationship between seizure-precipitants and seizure occurrence, since some commonly reported triggers might not really bring on seizures. Indeed, seizures might even be misattributed to irrelevant precipitants because of an underlying psychological predisposition. One cannot, however, dismiss the possibility that common physiological mechanisms underlie both psychological state and seizure occurrence. Prospective studies are required to clarify the relationship between possible seizure precipitants and seizure occurrence. However, until such studies are available, common seizure precipitating factors should be taken into account in the management and counseling of epilepsy patients, especially patients with new-onset or poorly controlled epilepsy. There also may be a larger role for training programs that may empower patients with a greater sense of control over their destiny and alleviate anxiety.
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